Magma transport through dikes is a major component of the development of monogenetic volcanic 14 fields. These volcanic fields are characterized by numerous volcanic centers, each typically resulting 15 from a single eruption. Therefore magma must be transported from source to surface at different 16 places, which raises the question of the relative importance of 1) the self--propagation of magma 17 through pristine rock, and 2) the control exerted by pre--existing fractures. would experience a velocity decrease. These results highlight the influence of pre--existing 28 fractures on the mechanics and dynamics of dikes. These heterogeneities must be considered when 29 studying the transport of magmas within the crust. 30
evolution of the magma during both transfer through and storage within the lithosphere [Zellmer 37 and Annen, 2008] . However, the physical and mechanical understanding of the propagation of a 38 magma--filled crack, or dike, and its relationship with the location and volume of an eruption are still 39 a challenging puzzle [Taisne and Jaupart, 2009; Taisne and Tait, 2009; . 40
The formation and development of monogenetic basaltic volcanic fields are useful examples of the 41 complexity of magma propagation in the lithosphere. Although monogenetic basaltic volcanic fields 42 occur worldwide, they are most common within extensional regimes [Takada, 1994] . In addition, 43 every field, independent of its tectonic environment, is characterized by numerous volcanic centers 44 showing clustering and lineaments [Connor, 1990; Connor et (Table  1) . 48
Transport of magma in monogenetic basaltic volcanism is considered to occur via magma--filled 49 cracks, or dikes [Valentine and Hirano, 2010] . Dike propagation starts when the magma pressure in 50 the source is large enough to fracture rocks [Valentine and Hirano, 2010] . Then, as a dike grows and 51
propagates, its buoyancy overcomes the source pressure as the driving mechanism [Menand and 52 Tait, 2002] . The propagation is then driven by the difference between magma and matrix density, or 53 buoyancy, the elastic stress in response to the deformation of the host, and the magma 54 overpressure (the magma pressure in excess of the lithostatic and any potential deviatoric crustal 55 stress acting normally on the dike). On the other hand, dike propagation is restricted by the fracture 56 toughness of the host rocks [Rubin, 1993] , and the viscous pressure drop from the flow of magma 57 [Roper and Lister, 2007] . The stress field can either promote extrusive or intrusive growth [Ida, 58 1999] . Indeed, 3 ), the 59 stress field will influence the propagation direction and opening of the dike [Anderson, 1951; 60 Menand et al., 2010] and therefore the possibility of having alignment of volcanic centers at the 61 Our experiments consider the propagation of a buoyant magma--filled crack through an elastic 154 medium, thus our setting must create a density contrast (i.e., buoyancy) and a resistance to the 155 156
Our experiments consider the propagation of a buoyant magma--filled crack through an elastic 157 medium resisted by the fracture resistance of the medium. The balance between these two forces 158 takes place near the tip of the dike over the buoyancy length scale Lb, where: 159 160 (4) 161 162 and is the difference between the density of the solid and that of the fluid, g is the gravitational 163 acceleration, and Kc is the fracture toughness of the solid [Taisne and Tait, 2009 ]. This buoyancy 164 length, Lb, corresponds to the minimum dike length needed for fracturing the surrounding rocks, 165
and it occurs when the stress intensity factor at the dike tip KI equals the rock fracture toughness Kc 166 [Menand and Tait, 2002] . 167
To scale our experiments geometrically, we calculated the ratio (Lb*) between the buoyancy length 168 of the intrusion in our model (Lbm) In this set of experiments, no deviatoric stresses were applied to the gelatin (Fig.  2b) . Because the 216 = 0.5, the state of stress in the 217 gelatin at the start of an experiment is hydrostatic [Takada, 1990] and references therein): 218 219 (13) 220 221
Extensional regime 222
In this set of experiments, a horizontal tensile deviatoric stress was applied. Because of the weak 223 tensile strength of the gelatin, this was done by imposing a load on the upper surface of the gelatin. 224
Since the gelatin was constrained by two opposite tank walls, in the Y--direction, as well as the rigid 225 base of the tank, the gelatin was only free to move in the other X--direction (Fig.  2c) important impact on the interaction of a dike with PFs. We neglected layering and heterogeneities to 240 focus only on the PFs and their potential effect on dike propagation. 241
In our experiments, we neglect viscous forces, which may play an important role in the dike 242 dynamics [Lister and Kerr, 1991] , and assume instead that fracturing of the host solid controls the 243 dynamics of the dikes. By injecting constant volumes of air as an analogue for magma, we create 244 buoyancy--driven dikes with constant volume, whereas in nature the viscosity of magma prevents the 245 complete extraction of the liquid from the dike tail [Stevenson, 1982; Taisne and Tait, 2009] . 246
However, the propagation of buoyant dikes is controlled by the local buoyancy balance that takes 247 place at the dike nose region [Lister and Kerr, 1991] . Finally, we assume that magma heat loss is 248 negligible during the propagation of mafic dikes due to their high velocity (up to meters per second: 249 [Demouchy et al., 2006] ), which is a reasonable assumption for basaltic dikes greater than a meter in 250 thickness [Bruce and Huppert, 1989] . 251
Observations and results 252
In every experiment, a pre--defined volume of air is injected at the bottom of the tank using a 253 syringe. The experimental dike grows initially as a penny--shaped crack until the dike reaches a 254 certain height, i.e. its buoyancy length (Lb). From that point, the tip of the dike is able to fracture the 255 gelatin leading to its upward propagation. Once all the volume of air is injected, the dike breaks 256 loose from the syringe and propagates vertically, keeping its volume constant by opening at its tip 257 and closing at its tail within the gelatin. The dikes were injected so that they propagated vertically in 258 a plane parallel to the camera axis. However, their orientation could be either parallel or 259 perpendicular to the PFs. In the experiments with no PFs, we observed vertical to sub--vertical directions of propagation 263 without any noticeable changes in the shape of the experimental dike while propagating within the 264 gelatin. We did observed an increase in length and an increase in velocity as the tip of the dike was 265 reaching the surface of the gelatin. These observations fit well with similar experiments done in 266 previous studies (e.g., Rivalta and Dahm, 2006; Menand et al., 2010) . 267
One pre--existing fracture 268
In the experiments with one PF, we observed, as in the experiments without PFs, that the 269 experimental dikes propagated vertically or sub--vertically within the gelatin. We observed in some 270 experiments that the dike interacted with the PF. Whether a dike interacted with a PF depended on 271 the orientation of the dike (parallel or perpendicular to the PF) and of the PF dip (vertical or not) 272 ( Fig.  4a  and  b) , as well as the direction of propagation of the dike (vertical or sub--vertical) and its 273 distance from the PF. As soon as the dike touched a PF, its ascent stopped and all the contained air 274 was immediately drained in the PF. 275
Two pre--existing fractures 276
In the experiments with 2 PFs, we observed, as in the previous experiments, vertical to sub--vertical 277 directions of propagation of the experimental dike in between the PFs. We also observed that the 278 dikes were channeled in between the PFs, which affected their direction of propagation ( the PFs were sub--parallel to the dike (Fig. 5 , exp 2804L, 2900, 2809R and 2811L). Finally, the 282 influence of the angle between the dike and the PF seemed to play an important role in the 283 interaction (exp 2804L). We observed that a high angle between the dike and the PF enhanced the 284 potentiality of interaction between the two. 285
Results 286
In order to quantify the mechanical parameters potentially controlling the interaction between a 287 dike and a PF (Table  4) with D defined as the distance between the two PFs that channel a dike (Fig.  5) . 300
Vol* is a dimensionless dike volume defined as the ratio of the volume of air injected for each 301 experiment, Vol (Table  3) In the following, we focus first on the mechanical parameters controlling a dike--PF interaction, then 310 on the influence of the PFs on the shape of the experimental dike, and finally on their effect on the 311 dynamics of the experimental dike. 312
Mechanical parameters controlling a dike--PF interaction 313
The dimensionless volume of air Vol* injected and the angle between the dike and the PF when 314 the tip of the dike reached the PF level ( 5), and thus avoid interaction with the PFs; and 2--dikes that were injected closer to one PF in 323 experiments with 2 PFs (green circle in Fig.  6 and 7) will interact with that PF since d* < 0.4 (Fig.  6a  324 and 6b). The figures also suggest that the volume and the stress regime do not influence interactions 325 between dike and PF. 326 3.2.2 Influence of the pre--existing fracture on the shape of the experimental dike 327
The length and the thickness of the experimental dike were extracted using the digital video records. 328
We extracted the average length (Lb) and the thickness (tb) of the experimental dike once it broke 329 loose from the syringe until it reached the level of the PF, and the average length (La) and thickness 330 (ta) after that level but before the last final acceleration due to the free surface (Table  4) Positive values in L and t imply an increase in length and thickness of the propagating dikes, 340 respectively, as they crossed the level of the PF. 341 L and t are plotted against each other in Fig.  8 , which reveals a correlation between these two 342 parameters: in the majority of experiments the length of the propagating dike decreased due to the 343 presence of PFs while its thickness increased; most dikes got shorter and fatter once they reached 344 the PF level. 345
In the majority of experiments, the thickness of the dikes increased as the dike passed the PF level 346
irrespective of the number of PFs, the stress regime and whether dike--PF interaction occurred. This 347 thickness increase remains modest, however: the maximum changes in thickness reach ~5%. The 348 length of the dikes, however, seems to be affected differently depending on the number of PFs. In 349 experiments with a single PF, a similar number of dikes got longer or shorter. This contrasts with 350 experiments involving two PFs, for which, in almost all cases, the propagating dikes shortened ( L < 351 0) as they entered the region flanked by the two PFs. The maximum changes in length reach ~30%. 352
Overall, it seems the changes in length and thickness were stronger in experiments involving one 353 single PF. 354
However, the reason for these changes in length and thickness remains unclear as no noticeable 355 effect of either the distance d* between dike and PF (Fig.  7a,b) , the distance D* between two PFs 356 (Fig. 7c,d ), or the volume Vol* of air injected (Fig. 7e,f) is observed. The largest decrease in dike 357 length has been observed for d* ~ 0.5 and D* ~ 1, but these only concern a couple of observations 358 for which we cannot detect any associated effect on the dike thickness. The sequential analysis of the experiments shows that dikes propagate at a constant velocity within 362 the gelatine. As the dikes reach the surface, we observe an acceleration due to the presence of a 363 free surface as demonstrated by Rivalta et al. (2006) . 364
With pre--existing fractures 365
We observed that the presence of PFs could channel propagating dikes (Fig. 5 ) and that they 366 changed the dikes shape. We now examine whether PFs could also affect their propagation velocity. 367
To do this, we extracted from the digital video records the average velocity vb of the dikes before 368 they reach the PF level and the average velocity va after that level but before the last final 369 acceleration due to the free surface ( The results show that almost all experimental dikes experienced a change in their propagation 377 velocity, although this change was of small magnitude (Fig. 9) . Most dikes show a decrease in 378 velocity due to the presence of PFs: an increase in velocity ( V > 0) is only observed for experiments 379 with one single PF (up to 3% increase, Fig. 9 ), whereas experiments involving 2 PFs all resulted in 380 either no velocity change or a velocity decrease (up to 6% decrease, Fig.  9 ). 381
The distance separating a dike from a PF seems to have some influence on the velocity as dikes that 382 propagate closest to PFs tend to experience a velocity increase whereas dikes furthest away 383 experience the largest velocity decrease (Fig. 9a) . Despite some scatter in the results, we also 384 observe that when a dike propagated between two PFs the distance between these PFs influenced 385 the dike dynamics. Plotting the difference in velocity of the dike, V, against the dimensionless D* 386 value, reveals that the change in velocity induced by the presence of the two PFs is largest when the 387
PFs are separated by a dimensionless distance D* ~1 (Fig.  9b) . Our results suggest that PFs that are 388 too far away from each other cannot influence the velocity of propagating dikes. Likewise, and more 389 interestingly, PFs that are close to each other (D* < 1) do not seem to influence the dike velocity 390 either. 391
The injected volume influences also the variation of dike velocity (Fig.  9c) . For the experiments with 392 a single PF, no apparent correlation is observed. On the other hand, when 2 PFs are present we 393 observe a positive correlation with V, with V becoming even more negative as Vol* diminishes. 394
Additionally, we observe that V tends to zero when Vol* ~ 1000, which would suggest that beyond 395 that threshold the influence of PFs does not affect, or much less, the velocity of ascent of a dike. An 396 explanation might be that the buoyancy of such dikes is large enough to counter the potential effect 397 of nearby PFs on their dynamics. 398
The change in the dynamics of the dike induced by the presence of PFs seems to be related to the 399 change in the shape of the dike. Indeed Figure 10a and our experiments (Fig.  4b) . If the dike overpressure is higher than the normal stress acting on the 414 PF [Kiyosugi et al., 2010] , then the dike will be able to exploit and thus potentially reach the surface. 415 However, our experiments do not distinguish for which conditions the interactions dike--PF are 416 passive, i.e. a dike interacts with a PF simply because it is on the dike path, or active, i.e. the PF 417 influences the trajectory of the propagating dike probably by modifying the local stress field and 418 thus capturing the propagating dike. Our experiments show that these interactions occur when the 419 dimensionless distance between a dike and a PF is lower than ~ 0.4, that is when the distance that 420 separates a dike from neighboring PFs is less than about 0.4 its buoyancy length Lb: 421 422 (23) 423 424
Thus, the potential for dike--PF interaction depends not only on the density of PFs in a given region of 425 the superficial crust but also on the characteristic length (Lb) of the dikes intruding this crustal 426
region. 427
The continental crust has an average quartz diorite--type composition, with a density of 2800 kg/m greater chance of interaction with crustal PFs formed during a previous, different stress regime 439 because dikes will then tend to propagate at high angles to the PFs. If the stress regime has changed 440 since the PF formation, the alignments do not represent the stress regime during intrusion. Dikes 441
propagate essentially vertically, due to their buoyancy. Faults with low dips are more susceptible to 442 interact with propagating dikes, as well as normal faults rather than reverse faults because the 443 normal stress acting on normal faults is weaker [Anderson, 1951] . However, the dike still needs to 444 overcome the normal stress acting on the PF in order to intrude it [Delaney et al., 1986] or will only 445 be diverted for a small distance [Gaffney et al., 2007] . 446
Our experiments also suggest that a dike can be channelized in between two adjacent PFs, those 447 modifying the trajectory of the propagating dike. Michon et al. [2007] described that at Piton de la 448
Fournaise dikes followed the curved rift system. These authors assumed the edifice modifies the 449 ambient stress field over fairly shallow depths. We can infer from our results that in this scenario the 450 rift zone may in fact have influenced the propagation of a dike by channelizing it parallel to the rift. 451
Finally, our experiments do not shown any evidence for an eventual role of the tectonic regime. No 452 difference has been observed between the hydrostatic stress field and the extensional stress field. 453
We can envisage two possibilities. First, our experimental results could simply reflect a real lack of 454 effect from the stress field on potential interaction between a dike and a PF. However, PFs seem to 455 modify, in certain cases, the dike trajectories. This would therefore suggest a modification and thus 456 an effect of the local stress field. Moreover any stress field will add to the force budget of a dike, 457 which determines its propagation trajectory. Thus this apparent lack of effect of the stress field 458 seems dubious. A second possibility would be that PFs, due to their presence, act as a screen or 459 shield to the remote stress field. A dike propagating in between 2 PFs would thus not feel the 460 difference between the hydrostatic case and the deviatoric case; the latter would be limited to the 461 region outside the PFs. However, this scenario cannot explain the results for our experiments with a 462 single PF. 463
Dynamic aspect 464
In addition to modifying the geometry and trajectory of propagating dikes, PFs affect also their 465 dynamics. The difference in the velocity of a dike before and after the PFs level decreases for most 466 of the experiments (Fig.  9) , although some experiments displayed an acceleration of the dike when 467 only one PF was involved (Fig. 9a) . In addition, the volume of the dikes influences the degree of 468 deceleration when the dikes propagate in between two adjacent PFs (Fig. 9c) . These variations in 469 velocity are accompanied by variations in the shape of the dike, mainly a decrease in length and an 470 increase in thickness (Fig.  10a  and  b) . 
